Abstract: Accounting for transportation is an important part of the life cycle analysis (LCA) of beef cattle production because it is associated with energy consumption and greenhouse gas emissions. This paper describes the development and application of a model that estimates energy consumption and greenhouse gas emissions of transport in beef cattle production. The animal transport model is based on the weight and number of animals in each weight category, type of trailer, vehicle, and fuel used. The energy consumption and greenhouse gas emission estimates of animal feed transportation are based on the weight of a truckload and the number of truckloads of feed transported. Our results indicate that a truckload is travelling approximately 326 km in connection with beef cattle production in the study region. The fuel consumption amounts to 24 L of fossil fuel per 1000 kg of boneless beef. The corresponding greenhouse gas emission is 83 kg. It appears from our results that the majority of energy consumption and greenhouse gas emissions are associated with sending the finished cattle to slaughterhouses and bringing feeder cattle to feedlots. Our results point out appreciable reductions in energy consumption and greenhouse gas emissions by changing from conventional fuel to bio-fuel.
Introduction
Beef cattle production is important in the United States from the standpoints of food production, export potential, and economic impact (a $44 billion industry) [1] . Although the production of beef is mainly driven by market forces, most producers wish to make sure beef cattle production is as eco-friendly as possible. In addition, consumers should be aware of the ecological consequences of beef cattle production.
About 50% of the total beef cattle and calf production in the United States occurs in Texas, Nebraska, Kansas, Oklahoma, and California [2, 3] , of which Texas, Kansas, and Oklahoma are in the Southern Great Plains (SGP). This outlines the importance of the SGP for beef cattle production in the nation. Because of this importance, and the vulnerability of animal production arising from changing climate, a five-year USDA-funded study titled "Resilience and vulnerability of beef cattle production in the Southern Great Plains under changing climate, land use, and markets" was initiated as a multi-institutional and multi-disciplinary collaboration involving four universities and three research centers [4] . The collaborating institutions include the Texas Institute for Applied Environmental Research (TIAER)-Tarleton State University, United States Department of Agriculture (USDA)-Agricultural Research Service (ARS) in El Reno, Oklahoma, USDA-ARS in Bushland, Texas, Kansas comes under the study area of "Resilience and vulnerability of beef cattle production in the Southern Great Plains under changing climate, land use, and markets" project; (3) southwestern Kansas has a large number of cattle feeding operations; and (4) Kansas has some large cattle slaughter facilities, with a total annual kill factor of around 35,000 head per day.
Materials and Methods

A Computer Model to Estimate Energy Requirements and Greenhouse Gas Emissions
A computer model is developed in FORTRAN to estimate the energy consumption and greenhouse emissions associated with transportation in beef cattle production. The computer model has one main program, which calls many sub-routines that carry out specific tasks. The model uses simple text files in free format for input. Output can be either printed on screen or sent to a text file. Currently, the model runs from command prompt. In the near future, the model will have a user interface. More details on the model and the sequence of computations are shown in Appendix A and an example calculation is demonstrated in Appendix B.
Databases Used
Trailer Database
The computer model developed uses a trailer database. The trailer database contains details on length and width of the trailer, Gross Vehicle Weight Rating (GVWR), empty weight, and floor space availability (to load the animals) of the trailer. Also included in the trailer file, are number of decks (if transporting smaller animals in multiple deck trailers, e.g., hogs) and the suggested truck to haul the trailer. The trailers are categorized based on three different hitch types, namely, pot belly (or possum belly), gooseneck, and bumper pull. Multiple trailer options are available within each hitch system. Four, 16 , and seven different trailer types are available under pot belly, gooseneck, and bumper pull trailers, respectively. The differences in trailer types are based on differences in floor space to load animals and the weight allowed on the trailers [11, 12] . The user selects the trailer based on length, width, and the GVWR. Pot belly trailers, in general, are used to transport many animals together (typically 30-45 finished animals or 50-75 feeder cattle) over long distances, typical to many large-scale commercial beef cattle operations. Bumper pull trailers, or drag along trailers, are the smallest among the animal trailers. Usually, a Sports Utility Vehicle (SUV) or Crossover Utility Vehicle (CUV) can pull them. Gooseneck trailers are smaller than pot belly but larger than bumper pull trailers. They are typically pulled by pickup trucks. Many of the gooseneck trailers qualify to be commercial trailers.
Vehicle Database
The model allows eight categories of truck/tractor, indicated by vehicle class. The vehicle classification system is adopted from Brown et al. [13] . The vehicles included in the database include passenger cars to large combination truck/tractors. Multiple categories are included for pickup trucks, based on the weight they can pull [14] . Two categories are included for large trucks that can haul 22 metric tons (or 50,000 lbs) of payload. The database has parameters on gross vehicle weight (including trailer weight and maximum payload allowed), empty weight of trailer, and maximum payload the vehicle can haul [14] . For each of the vehicle types, mileage and fuel consumption are separately available from Brown et al. [13] . The fuel consumption information is available per ton-mile (a ton-mile means a ton (U.S. short tons) of load hauled for a mile). The vehicle file information is based on Brown et al. [13] . In addition, freight trains are also specified in the model. Parameters similar to trucks are also included for freight trains, per car [15] . The purpose of including freight train information is to estimate the energy consumption and greenhouse gas emissions associated with the transport of animal feed and slaughterhouse waste.
Fuel Database
Many different types of fuels can be included in the model to estimate fuel consumption and greenhouse gas emissions in beef cattle production. They include gasoline, gasoline with ethanol blend, conventional diesel, bio-diesel, natural gas, ethanol, gaseous and liquid hydrogen, and electricity. Variations within a particular fuel (e.g., compressed natural gas, liquefied natural gas, liquefied landfill gas, and compressed landfill gas) are also included. The fuel database has parameters on energy content quantified in terms of low heat value (LHV) and high heat value (HHV) [7, 16] . The other parameters include upstream and tailpipe greenhouse gas emissions factors, which are based on the Fleet Footprint Calculator model [7] . The fuel type can be selected by the user based on a unique code which identifies the fuel (e.g., LNG indicates liquefied natural gas).
Input Requirement from the User
The user needs to enter the number of categories of animals to be transported. Weight and number of animals in each category are needed. Distance transported is another parameter required from the user. The type of trailer used for transporting the animals (should be selected from the trailer database), type of vehicle selected for hauling the trailer (to be selected from the vehicle database), and the fuel used in the vehicle (to be selected from fuel database) are also needed. The model also requires two parameters on animal slaughter, namely, (a) proportion of live animal becoming carcass (dressing percentage) and (b) proportion of carcass becoming boneless beef. These two parameters are needed to quantify the energy consumption and greenhouse gas emissions per unit of beef (say, liter (L) of fuel required per kg of boneless beef). Finally, the user has the option of selecting one of the three possible cattle loading methods. The first method allows the number of animals in the trailer based on trailer GVWR (the maximum number of animals can be loaded using this option). This category is designated as a thoughtless loading option. The second method allows loading the animals in each compartment of the trailer based on a suggested maximum load in that compartment (e.g., the pot belly trailer has specific recommendations on loading for each compartment) [17] . This is indicated in the model as arranged loading. The third method of loading is based on floor space requirements for each category of animals [17] [18] [19] or the loading pressure equation method [18] . This is probably the most stress-free and convenient way of transporting cattle. The guidelines for transporting cattle and loading of the animals in trailers are adopted from ILAR Transportation Guide [20] and Grandin [11, 12] . For transporting feeder cattle and finished beef cattle, the pot belly trailer, which is typical to many commercial beef cattle operations in the study region, was chosen [21] . The trailer chosen was 16.5 m (53 ft) in length, 2.6 m (102 inches) in width, and 25 t (55,000 lbs) GVWR, with an empty trailer weight of 6.5 t (14,500 lbs). The vehicle chosen comes under class 8b truck under the standard vehicle classification system [13] . The truck chosen has a gross weight of 36.2 t (80,000 lbs) with a maximum payload of 24.5 t (54,000 lbs) and a fuel consumption of 16.65 L/t-km (6.5 gal/1000 ton-miles). It was assumed that conventional diesel is used in the vehicle hauling the trailer. For this study, some arranged loading option was chosen to load animals in the pot belly trailer. It means loading restrictions on each compartment of the trailer were closely followed in the model.
Estimation of Energy Requirements and Greenhouse Gas Emissions
Transportation of Animal Feed
Corn, grain sorghum, and alfalfa hay were assumed as the main animal feed for the study region [10] . All other items were grouped under supplements for the purpose of this study. The truckloads of animal feed transported and the numbers of animals fed are based on a transportation logistics study for the southwest Kansas region [10] . Because some of the counties of the present study come under the southwest Kansas region, the data from the Bai et al. [10] study is used for estimating energy consumption and greenhouse gas emissions of beef cattle production for the present study.
This section of the model requires the market weight of finished cattle, number of cattle fed in a year (assuming an annual turnover factor of 2 for the feedlots in the region [22] ), mortality rate in feedlots (1.5% assumed) [23] , and the proportions of animal becoming carcass (67%) and carcass becoming boneless beef (62%) [24, 25] . For each of the animal feed types, two important parameters are required. They are: (1) number of truckloads of each animal feed category and (2) weight of each truckload. For alfalfa hay, the quantity can also be provided in terms of bales (along with the weight of each bale). The other parameters required are the type of truck used to haul the animal feed, fuel used in the truck, and the distance transported. For this study, a class 8b truck is assumed, with diesel as fuel. The vehicle miles transported for animal feed is used from Bai et al. [10] .
Estimation of Vehicle Miles Transported
The Vehicle Miles Transported (VMT) used in this study has three parts: (1) truck VMT for transporting feeder cattle to feedlots; (2) truck VMT for transporting animal feed to feedlots; and (3) truck VMT for transporting finished cattle to slaughterhouses. The VMT used in this study is based on a study by Bai et al. [10] using literature review, data collected through site visits, interviews, and data collected from websites. The basic requirement to estimate the truck VMT for transporting feeder cattle to feedlots is to have data on the number of feeder cattle in the study region. It was assumed the transport truck accommodates 75 feeder cattle. The average distance to transport the feeder cattle to feedlots was calculated based on the total distance from the point of entry (from highways) to county centroids and from county centroids to the feedlots in each county, and the total number of truckloads to bring the feeder cattle to feedlots. The truck VMT for transporting animal feed is based on total number of feeder cattle fed, typical animal ration, number of days fed (150 days of feeding and a turn-over rate of two per year was assumed), number of truckloads of animal feed used to feed the animals, and distance transported. For getting information on distance transported, an approach similar to that of feeder cattle was used. Truck VMT for transporting finished cattle is based on the number of truckloads of cattle transported to slaughterhouses and the average distance to different slaughterhouses from feedlots. Because there are multiple slaughterhouses and multiple feedlots, the cattle were distributed to the nearest slaughterhouses based on a GIS map analysis [10] . In this case also, distances were computed from feedlots to county centroids and from county centroids to different slaughterhouses. More details on obtaining truck VMT for various categories can be found in Bai et al. [10] . Although cattle transport to auction and from auction are important categories in transportation, the VMT is not available for the study region. It is understandable, given the large variations in size and weight of animals and the distances involved in transportation. However, efforts are underway to estimate this. Therefore, the energy consumption and greenhouse gas emissions were estimated on a per km basis. For this purpose, a gooseneck trailer was used, which is typical for transporting cattle to and from auction [26] .
Truckloads of Animals and Animal Feed
A summary of data on the number of truckloads transported is presented in Table 1 . From Table 1 , it is evident that truckloads of animal feed are the category most transported when compared to the other two. Truckloads of feeder cattle and finished cattle are similar in the order of magnitude, although the feeder cattle truckloads are more when compared to finished cattle. Together, about 23,756 truckloads are transported annually in the study region for moving animal feed, feeder cattle, and finished cattle. 
Vehicle Miles Transported
On average, the feeder cattle are transported 150 km (89 miles) to get fed. A similar distance 153 km (92 miles) was noted for transporting the finished cattle from feedlots to slaughterhouses (Table 2 ). However, the animal feed transport distance appears much less than the feeder cattle and finished cattle transport distance. This is because most of the animal feed will be locally available in nearby places. It should be noted that the range of feeder cattle transport distance varies widely from 21 km (12.8 miles) to 258 km (153.9 miles). However, this wide variation in distance is not seen in finished cattle transport. This is probably because feeder cattle come to the region from many different places and directions, whereas, after finishing, cattle are most likely to be sent to the nearest slaughterhouse. In summary, about 326 km (194 miles transported) are involved in the transportation of animal feed, feeder cattle, and finished cattle together. It should be noted that the VMT used in this study does not include the distance transported by the vehicle returning empty. This is very typical to LCA studies. However, in our opinion, the distance transported by the vehicle returning empty should also be included. Therefore, as a part of this study, energy consumption and greenhouse gas emissions were estimated separately for the vehicle returning empty on a per km basis for different truck-trailer combinations typically used in beef cattle production, and presented in Appendix C. 
Distribution of Beef Cattle Getting Transported
Distribution for the purpose of this study refers to different weight categories of animals getting transported. For example, when feeder animals are transported to feedlots, they come in different sizes and weights. For meaningful interpretation of data, they can be grouped into a few categories. This will also help the user in entering the data into the computer model. This idea applies to finished cattle going to slaughterhouses and cattle transported to or from auction market. However, in the computer model developed as a part of this study, there is no limit on the number of weight categories of animals that can be entered by the user. The data on distribution of animals used in this study are shown in Figure 1 . The distribution of animals (a) coming to feedlots; (b) going to (or) coming from auction; and (c) going to slaughterhouses are shown in Figure 1a -c, respectively. It should be noted that the distribution varies widely for the cattle transported to or from auction. The data is typically available on a weekly basis. It should be noted here that the data is highly variable, depending on time of the year, because of differences in calving season, management practices used for raising the animals, and also the climatic conditions. The data for Figure 1a is based on a typical week of cattle auction in Amarillo, TX. The distribution data on feeder cattle are based on USDA-NASS data [2, 27] and the cattle going to slaughter are based on USDA data [25] .
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Allocation of Environmental Burden to Beef Byproducts
The beef cattle production LCA comes under a multiple output system (co-product systems). Therefore, as per the ISO 14046-1 standards [28] , a three-step hierarchy should be followed on allocation of environmental burdens [29, 30] .
• If possible, allocation should be avoided by expanding the system boundary.
•
If it is not possible to avoid allocation, the allocation problem must be solved by using physical relationships among functional units.
When physical relationships cannot be established, other relationships, including the economic value of the functional outputs, can be used.
In our beef LCA case, the environmental burden allocation cannot be avoided. The next step of solving the allocation problems comes up. The use of physical properties for establishing relationships include mass, energy content, volume, etc. Establishing physical relationships between beef and byproduct items could be an option to consider. However, it complicates the analysis because of lack of data availability, large difference in economic values of beef and by-products, and multiple industrial uses for many of the by-products. Therefore, the sensible option could be the use of the economic value of beef and the byproducts generated in the slaughterhouse, which was used in our analysis. Price data on live cattle and cattle by-products for the year 2013 are used in our analysis. The average purchase price of live cattle (average for the cattle sent to slaughter) is $2.78/kg (or $126.37 per cwt) [31] and the drop value (price of by-products generated) is $0.31/kg of live weight of animal (or $14.2 per cwt [32] . Considering the economic value, the proportion of environmental burden to be accounted for beef by-products is 0.31 × 100/2.79 = 11.15%.
Results
Energy Consumption of Transportation in Beef Cattle Production
Energy consumption results are presented per 1000 kg of beef and per animal basis. The summary of our analysis suggests that transporting finished cattle to slaughterhouses is the most energy-consuming transportation activity (8.1 L/1000 kg beef) (Table 3; Figure 2 ) for the study area. Bringing feeder cattle to feedlots shows a similar value (8 L/1000 kg beef) ( Table 3) . Although animal feed transportation involves many more truckloads, it shows moderate energy consumption rates. The energy consumption of transporting animal feed is about half of that used in transporting feeder cattle or finished cattle. Given a similar vehicle used for transporting animals and animal feed, distance appears to play a major role in deciding the energy consumption rate.
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
If possible, allocation should be avoided by expanding the system boundary.  If it is not possible to avoid allocation, the allocation problem must be solved by using physical relationships among functional units.  When physical relationships cannot be established, other relationships, including the economic value of the functional outputs, can be used.
Results
Energy Consumption of Transportation in Beef Cattle Production
Energy consumption results are presented per 1000 kg of beef and per animal basis. The summary of our analysis suggests that transporting finished cattle to slaughterhouses is the most energy-consuming transportation activity (8.1 L/1000 kg beef) (Table 3; Figure 2 ) for the study area.
Bringing feeder cattle to feedlots shows a similar value (8 L/1000 kg beef) ( Table 3) . Although animal feed transportation involves many more truckloads, it shows moderate energy consumption rates. The energy consumption of transporting animal feed is about half of that used in transporting feeder cattle or finished cattle. Given a similar vehicle used for transporting animals and animal feed, distance appears to play a major role in deciding the energy consumption rate. 
Greenhouse Gas Emissions for Transportation in Beef Cattle Production
Greenhouse gas emission results are presented per 1000 kg of beef and per animal basis. The summary of our analysis suggests that transporting finished cattle to slaughterhouses produces more greenhouse gases than transporting feeder cattle to feedlots and transporting animal feed ( Table 4) . The trend is similar to that of energy consumption. It is understandable, because greenhouse gas emissions have a direct relationship with energy consumption. Although animal feed transportation involves many more truckloads, it shows moderate GHG emission rates. The GHG emissions of transporting animal feed are about half that of transporting finished cattle and feeder cattle. This is because the distance of transportation is less in the case of animal feed transport. 
Energy Consumption and Greenhouse Gas Emissions of Transporting Cattle to/from Auction
Energy consumption and greenhouse gas emission results from transporting cattle to and from auction is estimated on a per km basis using a gooseneck trailer and presented in Table 5 . By knowing the distance transported in selling/buying cattle, a user can estimate the energy consumed and GHG emissions associated with this transport. Similar to animal transport and animal feed transport, the VMT for cattle going to auction and transported from auction are not available for the study region. Efforts are underway to estimate this. On a per km basis, cattle going to and coming from auction seems to be the least energy-consuming and greenhouse gas-emitting transportation operation (Tables C1-C4 ). This is probably because of the energy efficiency of the pickup trucks used in hauling the gooseneck trailers compared to other trailer-vehicle combinations. 
Discussion
Sensitivity of Energy Consumption and Greenhouse Gas Emissions to Model Input Parameters
Sensitivity of model estimates of energy consumption and greenhouse gas emissions are quantified based on the changes in input parameters. Table 6 outlines those sensitivity results. A 10% change in market weight, or total headcount of cattle, or slaughter dressing proportion brings an 11% change in energy consumption and GHG emissions. The relationship is direct, meaning a 10% reduction in parameter value brings an 11% reduction in energy and GHG emissions. The slight non-linearity in output response is due to the approximation of animal weight to the nearest weight category (nearest 50 lb) and rounding of animal number fractions to the nearest whole number in the model. A 1% increase or decrease in cattle mortality rate results in a similar 1% increase or decrease in energy and GHG emission estimates. However, a 10% change in the weight of a single truckload results in a 5.6% change in energy and GHG emissions estimated by the animal feed transport model. Changes in vehicle type in the same category (e.g., 8a instead of 8b) results in a 34% change in resulting estimates. A change in fuel type does not change the energy consumption estimates. It, however, changes the resulting GHG emissions due to changes in energy content (or heat value) of fuel. A 10% change in distance transported results in a similar 10% change in energy and GHG emission estimates because the relationship between distance transported and the energy and GHG emissions is direct. A change with type of trailer within the same hitch category (e.g., different dimensions of pot belly trailer) results in 4.2% change in energy and GHG emission. On the other hand, if the user selects a totally different trailer, large changes (as much as 92%) are expected. In this case, selection of a smaller trailer increases the energy and GHG emission estimates and vice versa. Changes in energy consumption and GHG emission for changes in trailer sizes and vehicle class are presented to demonstrate the sensitivity of model output to input parameters. It should be noted that the sensitivity could be different for other changes (not described in Table 6 ) in input parameters. In the animal transport model, selection of one loading method over another does bring some differences in results. However, it is not to the extent of changes in vehicle type or trailer type. 
Opportunities for Reducing Energy Consumption and Greenhouse Gas Emissions
As a part of this study, opportunities for reducing energy consumption and greenhouse gas emissions in transporting animals and animal feed were explored. Our analysis shows that, by simply switching the truck fuel from conventional diesel to a soy-based diesel, as much as 78% of GHG emissions can be reduced. Similar results were reported for soy-based biofuel by Huo et al. [34] . For the algae-based diesel, the reductions can be as much as 42% (Table 7) , although the study by Batan et al. [35] points out higher values. The reductions are possible because of negative upstream greenhouse gas emissions. That is, in making biodiesel, plants are raised and oil is derived from plant-based material. It involves some greenhouse gas emissions. The CO 2 captured by plants is much higher than the CO 2 emissions produced in making the biodiesel [36] . Transporting animals may be unusual, or the present regulations may not permit animals in freight trains. However, a significant proportion of animal feed is transported through freight trains [37, 38] . Our analysis shows that transporting animal feed through freight trains reduces energy consumption and greenhouse gas emissions by 53%. This is because of the high efficiency of trains in hauling large quantities of goods. Table 7 . Opportunities for reducing energy and greenhouse gas emissions.
Input Parameter
Decrease (%) in
Energy GHG Emission
Soy-based diesel as fuel instead of conventional diesel 0.0 78.1 Algae-based diesel as fuel instead of conventional diesel 0.0 42.5 Transporting using freight train instead of truck 52.7 52.6
Additional Results
As a part of this study, energy consumption and greenhouse gas emissions are estimated on a per km basis for different truck-trailer combinations for fully-loaded trailers and trailers returning empty; this is presented in Appendix C (Tables C1-C4 ). This will help those involved in similar LCA studies outside our study region to have an estimate of energy consumption and greenhouse gas emissions by knowing the distance transported. In addition, these results can help those involved in transportation business to estimate fuel consumption in other parts of the USA.
Conclusions
A computer model was developed to quantify energy consumption and greenhouse gas emissions resulting from animal transport and animal feed transport. The model was applied to estimate data for the Life Cycle Analysis (LCA) of beef cattle production in the Southern Great Plains region. Cattle-related data to run the model was taken from the United States Department of Agriculture (USDA)-National Agricultural Statics Service's (NASS) annual cattle slaughter data for Kansas and cattle on feed data provided by USDA-NASS for Kansas. In addition, a multi-agency transportation logistic study for meat-related industries in the Kansas region was used to get data on vehicle miles transported. Results were produced at the county level and summarized per animal and per 1000 kg of beef basis.
In the study region, feeder cattle are transported an average of 150 km (90 miles) to reach feedlots and get fed. Finished cattle travel a similar distance to reach slaughterhouses, whereas animal feed is transported for 22 km (13 miles) only, because most of the animal feed is going to be locally available. In terms of the annual number of truckloads, animal feed tops the list, with around 16,000, followed by transporting feeder cattle or finished cattle (around 4000). Our results on transportation in beef cattle production shows a total of 24 L of fossil fuel/1000 kg boneless beef (or 6 L per animal), excluding cattle transported to/from auction. On the other hand, the greenhouse gas emissions amount to 83 kg of CO 2 equivalent/1000 kg of boneless beef (or 21 kg of CO 2 equivalent per animal).
It appears that the majority of energy consumption and greenhouse gas emissions are associated with sending the finished cattle to slaughterhouses (41%), followed by bringing feeder cattle to feedlots (38%). Although the energy consumption and greenhouse gas emissions appear small on a per animal basis, about 10,000 animals are slaughtered for beef per day in the United States and, therefore, there are opportunities in transportation/beef cattle production to minimize the greenhouse gas emissions. Switching truck fuel from conventional to biodiesel could result in 42%-78% reductions in greenhouse gas emissions. Selection of the appropriate vehicle and trailer for transporting animals and animal feed appears to be critical to minimize energy consumption and greenhouse gas emissions. Definition of the correct vehicle type and trailer used to transport cattle or animal feed is necessary to obtain dependable results on energy consumption and greenhouse gas emissions from the model. Author Contributions: Narayanan Kannan conceived and designed the experiments; Narayanan Kannan performed the experiments; Ali Saleh and Edward Osei analyzed the data; Narayanan Kannan wrote the paper.
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Appendix A. Sequence of Computations Used in the Model
The following is the sequence of computations involved in the animal transport model:
1.
Read user-entered input parameters. 2.
Estimate the total weight of boneless beef based on weight and number of animals transported in each category and slaughter dressing proportions.
3.
Obtain trailer parameters from trailer database.
4.
Estimate capacity of the trailer chosen and estimate total number of trips required to transport all the animals. 5.
Read vehicle database and get parameters for the vehicle chosen. 6.
Estimate total ton-miles using the trailer, vehicle parameters and total number of trips. 7.
Estimate total fuel consumption and greenhouse gas emissions. 8.
Express fuel consumption and greenhouse gas emissions per animal, and per kg of boneless beef basis.
The following is the sequence of computations involved in the animal feed transport model:
Read user-entered input parameters.
2.
Estimate the total weight of boneless beef based on weight and number of animals fed and dressing proportions.
3.
Read vehicle database and get parameters for the vehicle chosen.
4.
Estimate total ton-miles for alfalfa, corn, sorghum, and supplements separately, using weight for each truckload, total number of truckloads, and vehicle parameters. 5.
Estimate total fuel consumption and greenhouse gas emissions. 6.
Express fuel consumption and greenhouse gas emissions per animal, and per kg of boneless beef basis. Proportion of environmental burden to beef by − products = 11.15% 
Appendix B. Demonstration of Model Computations with an Example
Appendix C. Additional Results on Energy Consumption and Greenhouse Gas Emissions for Various Truck-Trailer Combinations on a per km Basis
